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Background
In phase 2 trials, telaprevir, a hepatitis C virus (HCV) genotype 1 protease inhibitor, in combination with peginterferon-ribavirin, as compared with peginterferon-ribavirin alone, has shown improved efficacy, with potential for shortening the duration of treatment in a majority of patients.
Methods
In this international, phase 3, randomized, double-blind, placebo-controlled trial, we assigned 1088 patients with HCV genotype 1 infection who had not received previous treatment for the infection to one of three groups: a group receiving telaprevir combined with peginterferon alfa-2a and ribavirin for 12 weeks (T12PR group), followed by peginterferon-ribavirin alone for 12 weeks if HCV RNA was undetectable at weeks 4 and 12 or for 36 weeks if HCV RNA was detectable at either time point; a group receiving telaprevir with peginterferon-ribavirin for 8 weeks and placebo with peginterferon-ribavirin for 4 weeks (T8PR group), followed by 12 or 36 weeks of peginterferon-ribavirin on the basis of the same HCV RNA criteria; or a group receiving placebo with peginterferon-ribavirin for 12 weeks, followed by 36 weeks of peginterferon-ribavirin (PR group). The primary end point was the proportion of patients who had undetectable plasma HCV RNA 24 weeks after the last planned dose of study treatment (sustained virologic response). P atients with chronic hepatitis C virus (HCV) infection are at risk for progressive hepatic fibrosis, cirrhosis, portal hypertension, hepatic failure, and hepatocellular carcinoma. [1] [2] [3] [4] For the past decade, treatment with pegylated interferon (peginterferon alfa) and ribavirin has been associated with rates of sustained virologic response of 40 to 50% among patients with HCV genotype 1 who had received no previous treatment. [5] [6] [7] At least 48 weeks of treatment is required for most of these patients, and toxic effects may limit the extent of treatment in some patients. [5] [6] [7] Telaprevir, a linear peptidomimetic HCV NS3/4A serine protease inhibitor, was associated with substantial improvements in response rates in phase 2 studies when it was combined with peginterferonribavirin. [8] [9] [10] Moreover, high rates of early viral suppression and low rates of relapse after cessation of telaprevir therapy suggested that therapy could potentially be shortened to 24 weeks in patients who have a rapid virologic response -that is, patients in whom HCV RNA is undetectable at week 4 of treatment. [8] [9] [10] A phase 3 study was conducted to evaluate the efficacy and safety of telaprevir-based therapy, administered in a regimen that was guided by the patient's response, among patients who had received no previous treatment for HCV infection.
Me thods
Patients
We enrolled patients at 123 international sites. Eligible patients were 18 to 70 years of age and had HCV genotype 1 infection with evidence of chronic hepatitis, as confirmed by means of a liver biopsy within 1 year before screening for the study; patients with compensated liver cirrhosis were eligible. Additional eligibility criteria included seronegativity for hepatitis B surface antigen, and the absence of antibodies against human immunodeficiency virus types 1 and 2, absolute neutrophil counts of 1500 or more per cubic millimeter, platelet counts of 90,000 or more per cubic millimeter, and hemoglobin levels of at least 12 g per deciliter in the case of women or 13 g per deciliter in the case of men. Patients were excluded if they had decompensated liver disease, liver disease from other causes, or hepatocellular carcinoma.
Study Design
This study was a phase 3, randomized, double-blind trial, placebo-controlled for telaprevir. Patients were stratified according to genotype 1 subtype (a, b, or unknown) and baseline viral load (HCV RNA <800,000 IU per milliliter or ≥800,000 IU per milliliter) and were randomly assigned to one of three treatment groups. The study was designed to evaluate two regimens of telaprevir (Vertex Pharmaceuticals) of different durations, combined with peginterferon alfa-2a (Pegasys, Roche) and ribavirin (Copegus, Roche), as compared with a regimen of peginterferon alfa-2a and ribavirin alone. The total duration of treatment was either 24 or 48 weeks. During the first 12 weeks, patients assigned to one of the telaprevir groups received telaprevir and peginterferon-ribavirin either for the entire 12 weeks (T12PR group) or for 8 weeks followed by 4 weeks of placebo and peginterferonribavirin (T8PR group). Patients in the T12PR and T8PR groups who met the criteria for an extended rapid virologic response (defined as undetectable HCV RNA at weeks 4 and 12) received 12 additional weeks of treatment with peginterferonribavirin alone, for a total treatment period of 24 weeks. Patients in the T12PR and T8PR groups who had detectable HCV RNA either at week 4 or at week 12 received 36 additional weeks of treatment with peginterferon-ribavirin, for a total treatment period of 48 weeks. The group receiving peginterferon alfa-2a and ribavirin alone (PR group) received placebo plus peginterferonribavirin for 12 weeks, followed by peginterferonribavirin alone for 36 additional weeks. Telaprevir was administered orally at a dose of 750 mg every 8 hours with food, peginterferon alfa-2a by subcutaneous injection at a dose of 180 μg per week, and ribavirin orally at a dose of 1000 mg per day (in patients who weighed less than 75 kg) or 1200 mg per day (in patients who weighed 75 kg or more).
Stopping rules were implemented to prevent the continuation of treatment in patients who did not have an adequate response. Patients receiving telaprevir who had HCV RNA levels greater than 1000 IU per milliliter at week 4 discontinued telaprevir but continued peginterferon-ribavirin. All patients with less than a 2 log 10 decrease from baseline in HCV RNA levels at week 12 discontinued treatment. Patients discontinued treatment if HCV RNA was confirmed to be detectable at any time between weeks 24 and 40.
Study Oversight
The protocol was designed by Vertex Pharmaceuticals and Tibotec in collaboration with one of the academic authors. The protocol, which is available with the full text of this article at NEJM.org, was approved by an independent or institutional review board at each participating center, and all patients provided written informed consent before participating in study-related activities. The corresponding author prepared the first draft of the manuscript and made the decision to submit the manuscript for publication, and all the authors, together with an employee of the sponsor, assisted in the revision of subsequent drafts. All the authors reviewed and approved the final draft of the manuscript and assume responsibility for the accuracy and completeness of the data and data analyses and for the fidelity of the study to the trial protocol.
Efficacy Assessments
Plasma HCV RNA levels were measured with the use of the COBAS TaqMan HCV RNA assay, version 2.0 (Roche), with a lower limit of quantification of 25 IU per milliliter and a lower limit of detection of 10 IU per milliliter. The lower limit of detection was used in the determination of extended rapid virologic response. HCV RNA levels were measured on day 1 and at weeks 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24, 28, 36, 40, and 48; at follow-up visits 4 weeks after the end of treatment; and at weeks 60 and 72.
Evaluation of HCV Sequence
Blood samples were obtained for viral sequencing at baseline and at every treatment and follow-up study visit. Sequencing samples from all the patients were analyzed at baseline, and those from patients who did not meet the criteria for a sustained virologic response were analyzed at all post-baseline time points at which HCV RNA levels were above the limit of detection of the sequencing assay (approximately 1000 IU per milliliter). HCV RNA was isolated from the plasma and amplified by reverse-transcriptase polymerase chain reaction, and the NS3/4A region of the HCV genome was analyzed with the use of population sequencing.
Safety Assessments
Chemical and hematologic assessments were performed at the same time as the efficacy assessments during the treatment period and at 4 weeks after the last dose of the study drug was administered. Data on adverse events were collected at each treatment visit and at the safety follow-up assessment. Full physical examinations were performed at the screening visit and at the safety follow-up assessment. Physical examinations were performed as needed for the assessment and treatment of symptoms during treatment visits.
Because an increased rate of rash had been observed in phase 2 studies, [8] [9] [10] guidance regarding the grading and management of rash was incorporated into this study. Rash was classified as grade 1 (mild, localized), grade 2 (moderate, with a diffuse skin eruption involving up to 50% of the body surface), or grade 3 (severe, involving more than 50% of the body surface, or rash with the appearance of substantial systemic signs or symptoms). If a progressive grade 2 rash or any grade 3 rash developed, telaprevir or placebo was to be discontinued but the patient would continue to receive peginterferon-ribavirin. If the rash worsened within 7 days after discontinuation of telaprevir or placebo, ribavirin (with or without peginterferon) was to be discontinued (sequential discontinuation).
Anemia was to be managed by means of reductions in the dose of ribavirin in accordance with the product labeling. Erythropoietin-stimulating agents were prohibited according to the final amended study protocol, as were reductions in the dose of telaprevir. If ribavirin was discontinued owing to anemia, discontinuation of telaprevir (or placebo) was required.
An independent data and safety monitoring committee conducted regular planned reviews of the safety data to evaluate safety and side effects of the study regimens. The analyses and preparation of the safety data for each review of the committee were performed by a statistical group that was independent of the sponsor (Parexel International). No interim analyses were planned or conducted.
End Points
The primary end point was the proportion of patients who had undetectable plasma HCV RNA 24 weeks after the last planned dose of study treatment (sustained virologic response). Secondary efficacy end points included the proportion of patients with undetectable HCV RNA at week 72; at week 4, week 12, or both weeks 4 and 12; at the end of treatment; and 12 weeks after the last planned dose of treatment. A patient was considered to have had a relapse if he or she had undetectable HCV RNA levels at the end of the treatment period but had confirmed detectable HCV RNA levels sometime between the end of treatment and 24 weeks after the last study dose.
Statistical Analysis
The analysis of the primary end point was based on a logistic-regression model, with sustained virologic response as the dependent variable and treatment, genotype 1 subtype, and baseline HCV RNA plasma level as factors. The primary end point was also evaluated by an analysis of the consistency of the treatment effect in prespecified subgroups according to 10 baseline variables (see the statistical analysis plan provided with the protocol at NEJM.org). We estimated that with a sample size of 350 patients in each treatment group, the study would have 92% power to show a significant difference among the treatments, with the use of a two-sided, continuity-corrected chi-square test, at an overall significance level of 5% (adjusted for multiple comparisons), assuming a 50% response rate in the control (PR) group and a 64% response rate in a telaprevir group. Efficacy and safety analyses included data from all patients who underwent random assignment and received at least one dose of any study drug.
R e sult s
Study Patients
Of the 1095 patients enrolled in the study, 1088 received at least one dose of a study drug and were included in the data set for the full analysis ( Fig. 1 ). Patients were well balanced with respect to major baseline demographic and disease characteristics (Table 1) . A total of 58% of the patients were men, 9% were black, 11% were Hispanic, and 21% had bridging fibrosis or cirrhosis.
Efficacy
A significantly greater proportion of patients in each of the two groups receiving telaprevir than in the group receiving peginterferon-ribavirin alone met the criteria for a sustained virologic response (undetectable plasma HCV RNA 24 weeks after the last planned dose of study treatment): 75% in the T12PR group and 69% in the T8PR group, as compared with 44% in the PR group (P<0.001 for the comparison of either telaprevir group with the PR group) ( Table 2) . A total of 73% of patients in the T12PR group, 67% in the T8PR group, and 44% in the PR group had undetectable HCV RNA 72 weeks after starting treatment (P<0.001 for the comparison of either telaprevir group with the PR group); 68%, 66%, and 9% in the three groups, respectively, had undetectable HCV RNA at week 4 (rapid virologic response); and 58%, 57%, and 8% in the three groups, respectively, had undetectable HCV RNA at weeks 4 and 12 (extended rapid virologic response). Among the patients with extended rapid virologic response assigned to receive a total of 24 weeks of therapy, 89% in the T12PR group and 83% in the T8PR group met the criteria for sustained virologic response. Mean HCV RNA levels during treatment are shown in Figure 2 in the Supplementary Appendix, available at NEJM.org. Analyses of subgroups according to various characteristics showed that there were higher rates of sustained virologic response with telaprevir than with peginterferon-ribavirin alone (Fig. 2 , and Fig. 1 in the Supplementary Appendix). A sustained virologic response occurred in 71% of the patients with HCV genotype 1a and 79% with genotype 1b in the T12PR group, in 66% and 74% of the patients with genotype 1a and genotype 1b, respectively, in the T8PR group, and in 41% and 48% in of the patients with genotype 1a and genotype 1b, respectively, in the PR group. Among black patients, 62% in the T12PR group and 58% in the T8PR group had a sustained virologic response, as compared with 25% in the PR group. Among patients with HCV RNA levels of 800,000 IU per milliliter or more at baseline, those who received telaprevir had a higher rate of response than did those who received peginterferon-ribavirin alone (74% of the patients in the T12PR group and 66% in the T8PR group vs. 36% in the PR group). Among patients with bridging fibrosis or cirrhosis, 62% of patients in the T12PR group and 53% in the T8PR group, as compared with 33% in the PR group, had a sustained virologic response.
Among patients who had undetectable HCV RNA levels after the last dose of study treatment, relapse occurred in 9% in the T12PR group, 9% in the T8PR group, and 28% in the PR group. Recipients of a telaprevir-based regimen who were assigned to 24 weeks of treatment and who met the criteria for sustained virologic response were assessed for relapse beyond 24 weeks after the last study dose. One of 357 patients evaluated through week 72 (<1%) had a confirmed late relapse after early discontinuation of the T8PR regimen at week 12. Three others had detectable HCV RNA The T12PR group was assigned to receive telaprevir combined with peginterferon alfa2a and ribavirin for 12 weeks, followed by peg interferon-ribavirin alone for 12 weeks if hepatitis C virus (HCV) RNA was undetectable at weeks 4 and 12 or for 36 weeks if HCV RNA was detectable at either time point; the T8PR group was assigned to receive telaprevir with peginterferon-ribavirin for 8 weeks and tela previrmatched placebo plus peginterferon-ribavirin for 4 weeks, followed by peginterferon-ribavirin alone for 12 weeks if HCV RNA was undetectable at weeks 4 and 12 or by peginterferon-ribavirin for 36 weeks if HCV RNA was detectable at either time point; the PR (control) group was assigned to receive telaprevirmatched placebo plus peginterferon-ribavirin for 12 weeks, followed by peginterfer on-ribavirin alone for 36 weeks. Of the 1095 patients who underwent randomization, 1088 received at least one dose of the study drugs and 7 did not receive any study drugs. In the T12PR group, 3 patients had an extended rapid virologic response but were assigned to the 48week treatment group, and 1 patient who did not have an extended rapid virologic response was assigned to receive 24 weeks of treatment; however, this patient also met the week12 stopping rule and discontinued treatment after the week12 visit. the T12PR group and 13% in the T8PR group, vs. 32% in the PR group). There were similar rates of virologic failure in the T12PR group and the T8PR group during the telaprevir treatment phase up to week 12 (3%), and the virologic failure was attributable primarily to higher-level resistant variants of the HCV virus (e.g., V36M+R155K). After week 12, the rates of virologic failure were higher in the T8PR group than in the T12PR group (10% vs. 5%), with more frequent emergence of wild-type and lower-level resistant variants (e.g., V36A/M, T54A, and R155K/T). 11 Virologic failure was more common among patients with HCV genotype 1a infection than among those with HCV genotype 1b infection.
Safety
The incidence of gastrointestinal disorders (nausea and diarrhea), pruritus, rash, and anemia was at least 10 percentage points higher in either of the telaprevir groups than in the PR group (Table 3) . Other common adverse events are shown in Table 1 in the Supplementary Appendix. A total of 10% of the patients in the T12PR group, 10% in the T8PR group, and 7% in the PR group discontinued all treatment at some time during the study owing to adverse events ( Table 2 in the Supplementary Appendix), whereas 7%, 8%, and 4% of the patients in the three groups, respectively, discontinued all treatment during the telaprevir (or placebo) phase of the study owing to adverse events. The rate of discontinuation of telaprevir (or placebo) only owing to adverse events was higher among the patients who received telaprevir than among those who received placebo (11% in the T12PR group and 7% in the T8PR group, vs. 1% in the PR group). Anemia and rash were the most frequently reported adverse events that led to the discontinuation of telaprevir-based regimens. A total of 7% of the patients in the T12PR group and 5% in the T8PR group discontinued telaprevir owing to rash, whereas 1.4% and 0.5% in the two groups, respectively, discontinued all treatment owing to rash during the telaprevir (or placebo) phase of the study. Rashes were primarily eczematous and were reversible with discontinuation of telaprevir. One case of the Stevens-Johnson syndrome occurred approximately 11 weeks after the last dose of telaprevir had been administered. More patients in the telaprevir groups than in the PR group discontinued all treatment owing to anemia (1% in the T12PR group and 3% in the T8PR group, vs. <1% in the PR group), and 4%, 2%, and 0% of the patients in the three groups, respectively, discontinued telaprevir (or placebo) only. A total of 17 patients in the T12PR group, 17 in the T8PR group, and 6 in the PR group received blood transfusions during the study. The decrease in hemoglobin levels was more pronounced in patients receiving telaprevirbased regimens than in patients in the PR group and was reversed with the discontinuation of telaprevir (Fig. 3 in the Supplementary Appendix). The largest difference in mean hemoglobin levels between the T12PR group and the PR group (1.04 g per deciliter lower in the T12PR group) and between the T8PR group and the PR group (1.11 g per deciliter lower in the T8PR group) was observed at week 8 of treatment.
Four deaths occurred during the study: three after all study drugs had been discontinued and one (in the PR group) during the treatment phase. Two patients -one in the T12PR group and one in the PR group -died as a result of suicide, one patient in the T12PR group died from HCV infection and liver disease, and one in the T8PR group died from an unknown cause.
Discussion
These results confirm earlier studies and showed a significant increase in the rate of sustained virologic response among patients with HCV genotype 1 infection who are treated with a regimen combining peginterferon alfa-2a and ribavirin with tela- Bridging fibrosis 52 (14) 59 (16) 52 (14) Cirrhosis 21 (6) 26 (7) 21 (6) * Plus-minus values are means ±SD. The PR (control) group received telaprevirmatched placebo plus peginterferon alfa 2a and ribavirin for the first 12 weeks followed by peginterferon-ribavirin for 36 weeks. The telaprevir groups received telaprevir for 8 weeks (T8PR) or 12 weeks (T12PR), as well as peginterferon-ribavirin for a total of 24 weeks or 48 weeks. There were no significant differences in the listed characteristics among the telaprevir groups and the control group, except for bodymass index, for which there was a significant difference between the T12PR group and the PR group (P = 0.02). † The bodymass index is the weight in kilograms divided by the square of the height in meters. ‡ Race and ethnic group were selfreported and were not mutually exclusive. § To convert the values for total bilirubin to milligrams per deciliter, divide by 17. previr for 12 or 8 weeks, followed by peginterferonribavirin alone, for a total of 24 or 48 weeks of therapy, as compared with a standard regimen of peginterferon-ribavirin alone for 48 weeks. Among patients with HCV genotype 1 infection who have not previously received treatment, the potential to shorten the duration of therapy with peginterferon-ribavirin to less than 48 weeks without impairing the chance of a sustained virologic response is currently limited to the small number of patients with a low viral load who have undetectable HCV RNA at week 4. [12] [13] [14] [15] In contrast, in the current study, more than half the patients who received telaprevir had undetectable HCV RNA at weeks 4 and 12, indicating an extended rapid virologic response, and relapse occurred infrequently in these patients after 24 weeks of treatment, suggesting that a total treatment duration of 24 weeks is sufficient for these patients. A longer duration of peginterferon-ribavirin therapy is indicated for patients who do not have an extended rapid virologic response.
Patients in the T8PR group, as compared with those in the T12PR group, had a lower rate of response, and also a slightly lower rate of discontinuation of telaprevir. The lower rate of virologic failure during treatment in the T12PR group as compared with the T8PR group and the more frequent emergence of wild-type and lower-level resistant variants beyond week 12 in the T8PR group than in the T12PR group are probably attributable to more efficient elimination of these viral strains as a result of the additional 4 weeks of telaprevir therapy in the T12PR group.
The rates of sustained virologic response were substantially improved with the addition of telaprevir in patients with negative predictive factors for a response to peginterferon-ribavirin treatment, such as bridging fibrosis or cirrhosis, older age, diabetes, and HCV RNA levels of 800,000 IU per milliliter or more. An increase in sustained virologic response by a factor of more than 2 occurred with telaprevir in black patients, in whom low response rates to interferon have been re- ported. [16] [17] [18] [19] This finding has been associated with a high prevalence in black persons of the T allele at the rs1297860 locus in the region of the IL28B gene. 20, 21 Additional studies are needed to clarify the relationship between IL28B polymorphisms and the response to telaprevir or other directacting antiviral agents. As suggested previously, telaprevir, as compared with peginterferon-ribavirin alone, was associated with a higher incidence of adverse events such * The serious adverse events listed here are those that were reported in at least three patients during the treatment period, and the other adverse events listed are those that were reported during the treatment period in at least 30% of patients in at least one of the three study groups; all grades of events are included. Other common adverse events, including anorectal symptoms, are shown in Table 1 in the Supplementary Appendix. Adverse events in bold are those that occurred at an incidence that was 10 percentage points higher in either group receiving telaprevir than in the PR (control) group. † As assessed with the use of a group of related terms to identify all dermatologic events, the incidences of rash events and grade 3 rash events were 61% and 6%, respectively, in the T12PR group, 58% and 4%, respectively, in the T8PR group, and 48% and 1%, respectively, in the PR group during the overall treatment phase. ‡ The percentages of patients with hemoglobin levels of less than 10 g per deciliter and less than 8.5 g per deciliter were 36% and 9%, respectively, in the T12PR group, 40% and 9%, respectively, in the T8PR group, and 14% and 2%, respec tively, in the PR group. as rash, gastrointestinal disorders, and anemia. [8] [9] [10] In this study, rashes resolved with the discontinuation of telaprevir; 7 to 11% of patients discontinued telaprevir, and only 0.5 to 1.4% discontinued all therapy owing to rash. The implementation of managed, sequential discontinuation of medications for severe rash may have led to the lower rate of overall discontinuation of treatment in this study. Anemia led to the discontinuation of treatment in few patients.
In conclusion, telaprevir-containing regimens, as compared with a regimen of peginterferonribavirin alone, were associated with a significant increase in the rates of sustained virologic response, overall and in all the subgroups of patients that were analyzed. The majority of patients who were treated with telaprevir had undetectable HCV RNA at weeks 4 and 12 and received only 24 weeks of total therapy. Numerically higher response rates, with a small increment in reversible adverse events, were observed with a regimen of 12 weeks, as compared with 8 weeks, of telaprevir combined with peginterferon-ribavirin, followed by additional weeks of peginterferon-ribavirin alone. The significant improvement in the rates of sustained virologic response with telaprevir-based therapy and the capacity for response-guided therapy to shorten the duration of exposure to peginterferonribavirin among patients who have a rapid response represent important advances in the treatment of patients with HCV genotype 1 infection.
